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Abstract of JP2001 148477 

PROBLEM TO BE SOLVED: To prevent 
satisfactory ohmic contact between a p-type 
nitride semiconductor and metal even if a 
defect occurs on the surface of the p-type 
nitride semiconductor worked by using a dry 
etching method and metal is deposited. 
SOLUTION: A sample, where and AIN low 
temperature buffer layer 3 is installed on a 
sapphire substrate 4, a GaN buffer layer 2 is 
installed on the AIN lower temperature buffer 
layer 3, and an Mg-GaN layer 1 which is 700 
nm in thickness is installed on the GaN buffer 
layer 2 T is heat-treated in a nitride atmosphere, 
and the upper face of the Mg-GaN layer 1 is 
etched by about 200 nm. Two Ni/Au electrodes 
5 by electronic beam evaporation are installed 
on an etched face. It is learnt that current 
easily flows and an ohmic characteristic is 
remarkably improved from a current-votlage 
measurement result between the two 
electrodes. It is obtained by doping the In 
atoms of 1 x 1019cm-3 in the Mg-GaN layer 1. 
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4l=Jt*e-3a)lll/*uM3«*l3*. C0)2^Sd> 
fl)/?$7 0 0nm(J^r6»Ni ill 1X1 0ttccn-3O 



fcUTs Xv^^^fidCtKJ:yS£tS : Ufc3kffi^ 
1*1 x 1O19om-3iU^0)lnj5*fc£3tVTl**£?*5 



[OOD1] 

X7a«ctt. K5-fx»?v^aasffl^6*i«. * 

TO o 023 

OltzmSZ\Z^>l\Tl2ft?Z. (fflxtt C.K.Shu.J.0 
u,H.C.Lin,U.K.Ch*n,and M.C. Lee,App I. Phys. Lett. 7 3 
099S)«!,C. T.Foxon,S.E. Hooper, T. S& Ch*n«, J. ff.Orto 
n, G. B. ten, B. Ys. Ber , A. V. Merku lo v, S. V. Now iko v, and V. 
V.Tr«t'yakov,Seifticond. Sci. Techno I. l3(1S39)1.2$3,f. 
tf id nan r h B . Da ud I n, 6 . Feu i II et, HL Pe I ekanos, an d J. I . Ro 
uviere,ftp P I. Phys. Lett. 73(1398)2842 „ X.G.Shen, P. Ra 
wvalUP.Riblet and Y. floyagi , Jpn. J.«>p L Phys. 38(199 
9)L411 . Z-t\ZVX&mZj;%k. GaN#ifO)£ 

[0 0 03] tCDJMS)fcUT. InM^-tfGaN^TfS?^ 

55 Vhfc LTHK : F.Widnann,B.Daudin,6 T Feuil let, 
H.Pel«kanos, and J. L Row i ere, A pp. Phys. Lett. 73(1 39 

*>e><D&*<Dts£ri*. ^L^?sft&*izBar^ins 
Pamirs j^ti**. ttoT, mitfavrnfr^iLv 



[op 0 4] C.<D*ftft*«*-tL &fe ttfe 7v£ 
*t©»rx»#Vff*ftftisfc-t»dfta*»-3. ftr> 
7, S^^JS^Siiaxtr^S^y/W^fif^ST* 

telrit. E-ffS-fsrVX-*^^ (Reactive Ion 

Etchrhg;RIE) aiCf^*^F7^Xy^V^ipm 

COOO'9] £<D*FS[±* «AM55p£Lfc«3fc£: 

[00063. @7 14, AIGaN/GaNA^nfi^/Wtf- 
5 (*7V^72 (Heterojunct Ion Bipolar Transistor: 

[O007] £1\ X^^5®2125^X^7 C V^L 

*"t*5u tOflL SflitfcpM6aN©^-^Jt22d^ 

flc i z & m * s « l r ^ - :* □ v 5 ^ h fc t r ow i / 

1*f=pSGaNg<D^ffilrtt^fl)^S2!p^r^fc^ 
ir. Sat^A:-^52 2i:Hi/flu^ft5 0)MI|-tt^H : 

[OOOBlfflxK. 0§SGaN*a)hte75t7518S^ 
1 x 1 019crrr-3*!&|-;2;< LTt. m?^^-^ 

^T9S£Lfc*PS;S£tt. h%Ti?t75ifi^t(5jfl^ 
1 x 1 OI9crn-3fS&T& %£*2}L*>*\Z>. 
[0 0 0 9] ZZX% SfflLfcpSGaNJft±.S<3)gJlZ 

[oo 1 o] -^Stt. JSftjcS^ar-^ ^^«^Jgs;*@ 

Jdl^X (hteta)organic Vapor PhaseEpitaxyUCVPE ) \Z 
±%miR&&&mi*T, ±v*yC?\Z£z>Z5iZLtze 

Ttf> ^. Z<3)«fL<iS}Kj5l^L/:P5?GaNJii:^.goo© 
\Ztt&&#*- L &mte*M&?*Zhtp&&% a.s. 
MDCarthy,P. Kozodoy,S.P. Denbaars, U Rodwe 1 1, and U.K. 
Mi shr a, 2 5th Internationa I Symposium on Coiwpound Sem 
i conductors, Kara, Japan, Oct. 1998.) . COO^jSTtt, 

tX&^\ZKZtl*oX*&$> 

iooii]Z7gn F5-fxt;^v{;^i^rffit 

6. ^ay, ^7-fXv^^i7^tl^55IIZ % p^GaN 
^-7S0)±^1 Onmriv?V?^iLU pS 

GawJi^^i-ttsai^'e^L^ zir* co^pso^ 
Ki&r^ct^asTS *<j)t\ ^W£oaiL^p5?6aN^ 



El;£S£fitt*1i*Zi:flSa!** (F.RervCB.flberna 
thy , J- M Var> Hove, P. P. Cho«v R. Hickman. X J.KI aasen, R. 
F.Korf, H. Cho,K..B. Jung, J. ft La Roche, R. 6. Vi I son, J - Ha 
n.B-J. Shu I, fl.fi. Bacai.and S. J. Pear ton, fcfiS Internet 
JLNitrtde Seniicond.Res.-3, 41(1338)) , 
fO 0 1 23 COXfcSTtt. pSeaN-\—^Q(D±(J)^ 

a<rxv?t^w**i*ktt^. **lz, *vvizj: 
hbt fti!7-p.t^fl5aai=<c*fct^*Affi5 

ro0 13] *fc. AlGaNJi£X?*V?Lf=S£|:- 
fc % x?*v:;i=J:**raa5»*r*. F-ev«fi 

-aTl*ttL.»ftieaNJiiatSfi:7* $ GHZ** IT. AI6aN 
S«iv?VW%t. X?*V?LfcSffittiSttng 

©ea«T. c©j:da*jfftth7W^5ri*ssti 

CU-» ■ MEkttoTttftfcfclk h7V^30)« 
*l*tt, 4>*<kfc. fcKtfStTfcSIElZnSSfciSS 
[O 0 14] 

BSSii*5RftLJ:3fcTSaSf3 TttM. 3*1*. x 
yfV^UlS Lfc*iEttiS?ttx?*V*lzJ:ya 

Aia?MsaftME&*Tttati«%ttfc«Lt. fcu 

K7n-fcaj!«ai=tf*, kl»3FJ!fi8fc -aft. 
Coo 153 «WttC0)Jt3«£l=«*T«**ifcfc 

<7)T& y. *?s^o)@^tt. a»TttL»t»7nt7 
ckiza a. 

[o o 1 s} 

f 1 5 c t iz j: y sjb l feaft «s^a««a o&s izi ng 

Mttt. 81fcfc¥Sf*Awiiaa«F-tf:/?T*fcx 

d»fc«saa«aLfcjs, sjtc*. pgasft&stz 

*i»tt. Aia?%dGaftft&izftiTttara3;%» 
airsfcaiz. xvaFv^Lrgai*-i*fcSfk«!¥SJ* 

COO 173 X^^>^traffltfcpSGaN®|rinJS 

TOF-ev^*ftw«k. xv^v9i=Jtya»» 
xv^v^LraasLfcDMft 



ktfa*5J:3i=tt*. afc. xy^trsdiL* 

AIGaNSlZln/l^iP^- tiVJ* *ftTt** fc. l»fV 

^i=jtyaa**»©*aa>s* as sua, ^raiz^s 
a L tflifia n jstoaairtt n getss fiUKsa **i«t*> 

COD 1 8] 

0£fcfc¥5fttt. Efcfe-f*vxy*v*ai::«** 
5 F 5 < X 7 3F =£JBl> TfiDX * A *£ffcte¥5 

ffciz&i'T. x??>ff«fT9C!:iz£yaBLfcmi 
aaaix-1 oi9cmr3ja±d)ina^»*ftTi-»*s 

¥£f*tt. ttElnffiTOdatlTt^eOffdBEIOn 
miU±Tfc SCk1=»aWLTL»^ 3EIZ, *£^<J) 

t7**F-.t£:/2;**irisy. ft^s^pSSTS^c 
ey* aara^arft ^cki=«a«tTM« 

Co o 1 93 

mmm «t. *a9a>-a»a%@£i;s'3UTa 

(seaai) iBitt. **»«©ttv7iKD«Bg«j:tf 
a»7n«*niTB?» m «tfc2wn!>itv7 

7StS 4±|:#£2 On mO)AI N^iS ? 7 7 - & 3S 
a C<DAIN1S^;^V7 7-Jf3±|Zg# 1 1 OOnrn 
0)GaN;^7 r-a2£BI?. C<DGa N^v^?-@3 
±|ZJ? £ 7 O On m<r,*!g-GaNE 1 SSIJfcfc <D?£ 
5. --3CQM5-G3NSI tt, :<fcPg^|I<££F^Xy* 

v^ffluTimxr^ojizjfitfcSft^a^Tffi 
too 2 0] t%-6*Nai<oaA4>o>f%a7-«%tsfbu 

77 0 0tTiD^Kr«g5fi-5^ Sfc. £ra> 
tr^^JUZWLTfc^^iSSttZx 1 oi3oirY-3i:-S: 
lzLri^07, y^t:75k«^^iS^^igH (Pi7 
t753g) y. C0>7^^75^Sttl x 

1 019cm-3?iSrS ^)t^x^^^ 

C0021] &5£W\Z±V F5^< Xv^^^^L^riD 

XroiDlzifiU^fl:«5¥S^r^ «ii»H«*^d 

BBaN + a>1nfliatt1 * 1 019om-3r* 

3:izj:T)r, x^^v^^f73*t<DpSGaN0)^ 
aa. «Aif, ina?«as«Lii%F 

-7toNB©jEJL*i'y7a«J3J:cf»ftatt. rtir 



tL 2. 2 x 1 017cm-3*S«ttf9. 5cm2/VsV 

CftlZ&LT. lnM^£^fcH*K-7GaNJf(!) 
I?L**U7;Bj§l£<£tft?iftaLli. ^ti^tu 2. 2x 
1 017cm-3fcJ:tf 3. 3cm2 /V s7S fc« IBLiS 

CO 0 223 d^U=*tV7Jl/^*^DSsr»2aaS 
fi^fcfJL £^7 0Dhmfl)Ife-GaNj§1 Cfc^iZ 

<t * K 7 -<f x y * y y*mi* xani r %<o iz£ L 

SlnflH^/./zP^GaN. fc«fctf. 
*JlZfcl:t5£ftfc¥3teT 5 £ *p15!GiN) **=>4Hy 
^>^X^fflUr^2 0 0nm/£l^r^^V^T^ x 

sow, SI&aa^Ettsoov, zmi,«$5tti6A 
[oo2 3] Ca>Xv*VaiZJ;5fc0tifl2;g£ I -V 

#tt. f-tt^tU 4 0^*^ 1 OOrtmTfc Hi 

ffi5H<D3§&li4mmr3S 5>* 
[00243 ©2 (a) , (b) tt. Xv*V?Lfcht 
-6aNJf1 (InJI^Ffc^Afc p£$aN % p§|G* 

ti^sr, «»H:«ffsi tv] a*T5*LT*sy. a 

$12^55*0. 0 1 [rnA] Xd*?ip 171*** 257 

E0025] Xy*V?«7ofc»-?l*. Co) izinT 
i -vH?tttt*fca>SJ:5lz, inM^^sa^i^^Ga 

f5 t> r * u Tig as t * c t &v & 

ofc* nfcir&LT. (a) \Z^TXo\Z. D^GaNlZ 
tO026] C0Cfctt v L/=2-?CD*V7n> 

j fct*3z:i:i£ rinis^5^a«o 



W£) = (2 - s • V/ (q - N) 1/2 

cct. Qtt^5feS:Cn. 8x10-19 5-pv), 
(W? ttXS. <»?m lz*PS tffcte t T u * fc *MJ5 ft 

a. 

[0 0 27) X**V?jZJ;-5T3±Lfc*KilZJ:oT 
5EMl£CDy£7t7^^S«^tl/= (79 *72 fcfltfiJ 
tttll*v*)TiP*$»\Z}-?y72titt> % ai> 
tt. XmzJ:^T?2*7$&lElL*+iJ7Z&KT% 

v a\z d: t> rsaa t t & y . ^--^ vc? 

C0 0 2 8J C§iaffJ2) »C|Z. H$-6»N^1^0lnja 

IniSStt. 1X1 021cm-3^^8x T021cm-3^T 

^^LUStT. 1 cn%3 ^IZtolS^ i>4x 1 022c m-3 
1135 ZtififclTinmTV&mtt&ltz. C^«btt. 
3 $6 3&» 6 2 0 961 nS^ Cl nGa N Jg |Z*g^ L T L*^ 
CO)SgSlrt.. M$JST»fi||i2x 1 019cm-3fc-£fc 
iTfcy, 7^-t75iSSItt^l xi 0l3cm-3r6 

[0029] I3tt, InSrfOjS^opjaintoN^Xv 
LfcSEIIMi/Au^&S^S Lfz^O) 1 -V 
l^tS^r* DlZfclir. <») ttlniMjS£p3 96, (b) li 
ln£gdj£.55%, Cc) «1 r^grf Jjp 1 0 (<J) ttlnSIrf^ 
20«r£3, ©3|Z^^T. InJEfififijKftT^QlZff 

6itg<.^^TL^Jfi^5:lZjf,T* P^6aN(J>IE^*-P 
U7*SJgm> 3£S (g^2 3t) IZfcLiT. 2. 2x1 
01?cm-3r& ^J)lZ^ LT. 1 x 1 021c m-3 W_tO) 
InlS^^tJp^GaN, ^jy. Inlfi.tgfiJ 3%tt±05 p 

*MZtZ?T\*Z>. C^ltt, ln& : F&&i:*t1ZSaN49<J> 

Coo 3 0] C0)IE?USim. *ttfcx*/|,*- (E) 
fc»£SA (T) £jm.**fc. 
OEJL35JSI) * a • e y p (— q E/ kT) 



(i. 8x1 0-13 . ki*4wv?>3E£t 

(1* 3BX 10-23 ^a-Zlz/^T/ktV) 5* 
jlli* 6aN0)^t5ffcX^Jl/^-B;.E= 1 7 0meVr& 
*0)t', T=290K (Rft23ti SiS) ttt±ieO) 

■inH*»CineiM7ttasafl:x*A*-*45E» 1 OO 
ma Va,84>T*OT\ J^^felHUSHttO. 0 19 
afctt*. SoT, ££IZfcl}*IE?LlSJgtt. GaNcfJ: 

[0 03 1] ZCV. *ttMlTwi.fcpSfi*N , *X:y 

oT£U5S^fflZ£tt*£^J3t*1 x 1 019cm 
-3&±rS *♦ J Cfcfi»]l3&0l=a-3TLt*. t U P 
SlnSaNTfelx 1 0 19 c m-3JU±0)^Si5^ LTL* 
tlHL SiEttai=tt3Efc**y7M»Ltt<S* C± 

[0 0 32] Li»t«tfft. SgJSlZtt. BSTmLfcJt 

n^Zfc^SUTL^. "34^ £»&J2<J>3IS*IS£ 
& r pSSinGaNXffiiS£lZfcl«*0Ss6giii p3SG*N 

ft 5. C<J)<£5I^ p3Jine*N*riy*v?Lfcf»rfc 

r*rassaBBspixii*> ft sua. *ks# 
sea^ix i oi9c m-aiu±a>«£!::«}!J*4ifc. 3 

fc. InAtGaN, I nBGaNtf if 0) J:5 « 4QjS«JtO)H^ 
[O034J Og»«3) ««2&B3t8itf£&l=£-»T 

itz. 3mwiiT-7f>itz&ntmL\^ iyfvw<o 

7-f^PsBaS*tt5 0W, 3l5iiil5i±!*5 0 0V. 3 
-fJlrSgSKftl BATS Z<3)X^^V^1IJ:««SS<0 
£3€UK*fcaiZ v t-A &«3-IZJ:-dT2^<D 

-v»tt*aXLfc. AifcJrtfAwGRJMt. *ftr*v 

70nm£<fctf1 0 0nm"?£ Al/Au^& 6 0)i5tf 
ttSOOnmTSy, 2-3 0)AI/Au^fe 6H(J)SJ8tt 4 
inm^S 5. .tfSLfcAlGaNJgCDEJtt 1 0 0 Onmf 



[0Q39].E?4tt. Alffljtfli55*Tfc *AIGiN.gfl)£ 

(a) fct toW* F- ^ 
VWttfBStfSStiT, flieiNBJJSagffi^ft %tk* 
7jihTV%+ CP) tt> InJK^fcF-tr 

*Kffik-aitfc**U7!=J:otfi»«S£i;fcta>fc« 

[0O3 5] &|Z. AIJS?S396^CAiaaNe|Z1 x 1 
019c m-30)lnJH«F-ev^tTfeiattSBalSec 
tfofc. X*-*Vi?Wtt. AISaNMn/B^F-fcfVtf 
LTfc. AieaNSttStfflgtrft :>*:♦ Xy?V9Lfcft 

ttfcFWC. WtfKfcT* Xy^V^lttO^ISJaoS 

*tt<fcfc. Inl?aa»1 x 1 019om-3lU±<D*S£ 

[0037] CR»fil4) flstt. ftitt«>7Vl*-7 
AlGaNS^ro^Si H~7fllGiMJ&r^e»ifi a £WL 

a^stfcJ:^ si-AtG*N®<i) i 

lF7VF-7AI8aNQl 2^X y&Z/9 LTSi — AlBaN 
@(2) 13^8^^^ 8i-AIGaNJi(0 1 1 fcS.i-AIG 
JNIG) 1 3 0)Sffi|ZAI/Au^SS^JCEL/t* CO) 
tS^Ttt. 7VF-7AIBaNSl2d)ilHEI=Xy^V^ 
lZJ:«*&fitf?332r50)T\ Si-AlGa N@(1) 1 1 fcSi 
-AlGaN@(2) 1 3fl>^aDlZ^tfcAI/Au^S6<I)rBl 
IZttiStl^SS^^T^CtlZ^^ 
[0 0 3 8] UPL«#&. 7VF-7«I6»NS1 25: 
lnF-7AIGaN.@1 4|Z(S k t |ZJt y, rnf- 
^AIGaN^I 4(J>HJSlZtt£«^6i^L'J:<. + j:o(J) 
T. Si-AIGaNgO) 1 1 —A IGa NJp(2) 1 3d)* 

c©ct5iz. xv^-v^LTSffltfcAie»NJio)iij 
ai=»trt, inis^^F-fv^LTt^ckiz.t 

y, lh«StfS<« SmjJCfb^fjd CfcfiiT5^» 

[0039] mews) sfcSWSAynJsd't**- 

5 CHBT) AJSStfcS^fiiJIZ^LNr^ 

5 3*. «a©i7fl)HBTf«!7Pt^o 

r. ftieiN/G«NriM*ft*HBTSf^sur=. r« 

1^7512 1, ^-^122, ZJW^$Jf23«P^ 

COHBTltJStDSftSB^aiS'CCDttHttfa (7 0 
Ot, 1 O^S) ^t7 3. 

i^^5JS2 l*X9*!/0l/rit&U ^-^S2 



Zl 9 Kfe LT (J)Ni/ftu^S 5£j&diT** 
X* 2 1. (DSffifc J: tfStfi Lfc ZJ. 10 3 ©2 3 
<0£ffi|z£Jg£;3K;£Lt. x£ v9ZJV3?h-fcJ;tf:i 
U 0 5 3 V 5 9 h t L T 0)A l/Auigli 6 T £ , 

!r«oT-^UfcHBTO)@»j£^m^35 SIZ 
fcl>T. *7 W75$2 4J:lZlS£Alhm3:7 7-E 
26 0?^20f>m:SlM) , «aNyV^77-@25 

0?*1 OO'Onm:.XJ0D £SH rOXtlZngn 
l^9^fiJi23b (Sl-6aN:J#1O00hm:^ 
^fft^x iD18cm-3) , nSJZJ U9SJl23e (Si 
-6aN :J|^500n m: ^sgg 1x1 017o m-3) 
ftZKtt U9S®2 3^I:>. tO_tlZ pgA-7@ 
(2) 22 b Oifc-toN : j?3 1 50 n m: IE?L£g2x 
10 17 c m-3), p5?^-71(0 2 2© (lfc&ln-6a 
N : J?£5 0 h m : IE^LjSS? x 1 O 17 c m-3) &&t£ 
5^—;aJi2 2£Stf. f-<Di:IZnSs!Jt* v3J@2 1 b 

(Si-Al6aN : JS*1 0 0nm:^^3eSl x 1 019c 
m-3) , nglSv5fS§2 1a <Si- 6a IM : J3£ 1 
00 nm: ^?££3 x 1 0 19 c m-3) d>»DtfSX<? 
2®2 ltfa«6*iTU«. 2*IZ. nS?ZJU32^& 
Jf2 3bO^£5i:Jll>l/ftuta6. O^-^KD 2 
2a O^lZttWi/Au^Stf&ttfcfcTl^. 

[00 4 1] 2 2^1*72 I^SfctfSKfeJI* 

l=J:**tflo>ieS£»il*fci&i:* <x-;*©lzB; 1 x 1 

OlScnn-3minJE?-fc-&|ZF-t:V£?£:hTU£* f= 
[0042] J9j£OOnmd)A-^22(J) 

x?*v9* ur^ffi^»aiT^si^ ^*y, 
£yV2t\-ci^&&t 20 

On mC0»C-^@2 2^:ftlZ.1nJl : f- ; £ K~ fcfV^T £0) 
^-^12 2<D^Eili(D5 On mr=l^l=lr^ 

^^-ev'JLros^^Sd) 22a <Mg&m- 

6a N : IRLiS&S* 1 017om-3) LTl^* ft 

ft 

[0 0 4 3] *eiZ, SSlZ^W^»rf5li2 02)i^ 

^nrsy. H3R*s*tirufc*aMS Cfc3) jty 



IO O 443 

®afttt¥«^©*BTXy*vi;*»7 ur. tox 
v#v*Lt*. y-flWfittK, eas«i«t«w 

1x 1 019cm-3JU±^CIS^lZ±E<n^,m63a*l^ 



[£l23 X?*V£7f$fl)pS*SaN(J)l -V*?G£jpT^ 
Tfc U. (a) ttln«S^fch*I5*£F-h!:>?L*:PS* 
6aNT-36 (b) ttMs^^ftl^^ H-tfV^Ufzpg? 

[0 33 X-;*>S7&<J)pS?6aN0)l -V«S£^TEl 
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